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A clinical epidemiological study was conducted among 34 rural properties located within
the Brazilian Pantanal region and nearby areas between 2007 and 2010. The diagnosis of
equine pythiosis was based on antibody detection (by enzyme-linked immunosorbent
assay), polymerase chain reaction, histopathological analysis, and cultures positive for
Pythium insidiosum. The majority of the affected animals (85%) were in the Pantanal biome,
which had a higher disease prevalence (0.9%-66.7%) than that of the Cerrado (2.7%-33.3%).
The disease was more prevalent in the rainy season (January-March), with an abrupt fall in
the number of cases during the drought period (April–September; correlation of R2 ¼ 0.77;
P < .01). Generally, the average prevalence of equine pythiosis in both regions was 5%, with
mortality and lethality rates of 1.3% and 23.1%, respectively, in the Pantanal and 2.3% and
45.5%, respectively, in the Cerrado. However, the treatment with immunotherapy may
have underestimated these numbers, especially in the Pantanal. Animals older than 1 year
were 8.09 times more affected by the disease than younger animals in the same envi-
ronment (P < .05). A correlation between the anatomical area of the lesion and the type of
skin color was also observed. Approximately 73% of the lesions were found in dark-
pigmented areas, and animals with a dark coat color were affected more frequently.
These ﬁndings highlight the importance of hematophagous insects in the epidemiology of
pythiosis because these areas are preferred for blood feeding.
 2014 Elsevier Inc. All rights reserved.1. Introduction
Pythiosis is a life-threatening infectious disease in
mammals and birds caused by the oomycete Pythium
insidiosum [1,2]. Horses are the animals most frequently
infected and typically develop ulcerative granulomas with, PhD, Departamento
omia, Medicina Vet-
Grosso, Av. Fernando
abá, MT 78068-900,
s Santos).
. All rights reserved.abundant serosanguineous discharge [1,3,4]. The P. insidi-
osum organism is essentially aquatic, which explains the
prevalence of the disease in people and animals that live in
direct contact with stagnant water contaminated with
zoospores, such as rice ﬁelds in Thailand and the Pantanal
biome in Brazil [5,6]. Small skin lesions, such as those
caused by mosquito bites, are believed to be the locus of
penetration of P. insidiosum zoospores [1,7].
Equine pythiosis has been reportedworldwide, although
the Brazilian Pantanal probably contains the largest con-
centration of cases caused mainly by the combination of
three factors: warm temperatures, ﬂooded lands, and high
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horses is based on radical surgical excision and/or immu-
notherapy. However, the rate of success is variable and
depends upon many factors [1,3], which has spurred the
research of different treatment options [9-12].
The disease poses signiﬁcant economic losses for equine
breeders in Brazil, but the numbers are unknown as are
many aspects of its epidemiology and etiopathology.
Therefore, this study reports the epidemiological aspects of
76 cases of P. insidiosum equine infection that occurred in
the Brazilian Pantanal and nearby areas.
2. Materials and Methods
2.1. Characterization of the Studied Area
Data were obtained from 34 rural properties located
within the subregion of Poconé, in the northern area of the
Pantanal Matogrossense, Brazil. Twenty-four properties
were located in the Pantanal biome, which is characterized
by the intercalation of clay and sandy soils commonly
associated with swamps, and 10 properties were located in
the Cerrado (Brazilian savannah) and ecotones, which are
more permeable but seasonally waterlogged soils that
resemble the Pantanal.
Seasons in the studied regions are well deﬁned, with the
rainy period ranging from October to March and the
drought period ranging from April to September (average
annual rainfall is between 800 and 1,200 mm). The hot and
humid weather is characteristically tropical, with an
average annual temperature of 25.5C and an average
minimum temperature of 20C in the winter and 32C in
the summer.
Climate data including the average temperature and
monthly rainfall were obtained from the meteorological
station Mestre Padre Bombled and the experimental farm
at the Federal University of Mato Grosso.
2.2. Selection of the Study Population
The descriptive observational method was used for the
study of the equine population at risk between the years
2007 and 2010. Cross-sectional analyses were used to
evaluate the prevalence risk ratio in the herd. Analyses of
each case were conducted because of migratory charac-
teristics of the herd. Epidemiological data regarding the
sex, age, species (horses or hybrids, which were composed
mainly of mules), breed, coat color (bays, buckskins,
chestnuts, grays or tobianos), presence of underlying
diseases, vaccination, and previous treatment approaches
were assessed for each animal enrolled. Clinical data for the
site (axial or appendicular) and presentation of the lesions
(unifocal or multifocal), and management and outcome of
infection were also collected. The temporal distribution of
cases was based on the size and aspect of the horse’s lesion
and body condition and information from the breeders.
2.3. Diagnosis
Thepresumptive diagnosiswas basedon the observation
of ulcerated, granulomatous skin lesions with abundantserosanguineous discharge. Mean lesion diameters varied
from approximately 7 cm in the ﬁrst week to 15-20 cm
within 3 weeks. Chronic lesions showed draining ﬁstulas
containing yellow-gray stony masses referred to as “kunk-
ers” [1] andwere associatedwithweight loss in the animals.
Deﬁnitive diagnosis was established by a positive result
from at least two of the following procedures: indirect
enzyme-linked immunosorbent assay (ELISA) [4], histo-
pathological examination of tissue specimens with Grocott
silver stain, isolation of the pathogen and subsequent
induction of zoosporogenesis [13], and polymerase chain
reaction (PCR) assay of the lesions conducted with P. insid-
iosum-speciﬁc primers [14].
2.4. Statistical Analysis
Data were analyzed using Epi Info sofware version 6
(Centers for Disease Control and Prevention, Atlanta, GA)
[15]. The chi-square and Fisher exact tests were used to
evaluate the association among the studied variables.
3. Results and Discussion
Seventy-six cases of equine pythiosis were diagnosed in
the studied area from 2007 to 2010. The triad of ﬂooded
soil, abundance of aquatic vegetation, and high tempera-
tures are highly favorable for development and mainte-
nance of the oomycete P. insidiosum [1,4,6,7,16]. This
environment is characteristic of the Pantanal biome, where
85.5% (65 of 76) of the cases were observed. The remaining
14.5% (11 of 76) of the cases were observed in the Cerrado
biome and in transitional areas between the Pantanal and
the Cerrado. The presence of naturally ﬂooded areas
forming small ponds was associated with disease in
animals in the Cerrado region. Equids usually remain for
long periods inside ﬂooded areas or ponds, where they eat
the grass on the surface, or simply as a behavioral charac-
teristic [4,17], increasing the chance of contact with the
pathogen. The spatial distribution showed a predominance
of properties located in the Pantanal (70.6%), followed by
the Cerrado (20.6%) and ecotones (8.8%). A highly variable
disease prevalence was also observed between the biomes.
The prevalence in the Pantanal region ranged from 0.9% to
66.7%, whereas in the Cerrado, it ranged from 2.2% to 33.3%.
An irregular distribution of the cases was noted in the herds
in consecutive years. This was likely to be a consequence of
animal migration to different areas and/or rainfall varia-
tion. Generally, considering the total of animals exposed,
the disease prevalence was approximately 5% in both
biomes (Table 1).
Infection by P. insidiosum was more prevalent in adult
animals (>1 year old). The relative risk of adult animals
versus that of animals younger than 1 year old acquiring
the disease was 8.07 (P < .05; 95% conﬁdence interval [CI],
1.13-57.8, using the chi-square test; Table 2). This ﬁnding is
in agreement with previous studies which indicate that
equine pythiosis is more frequent in adult animals [6,18-
21]. Interestingly, equine sarcoid has also been reported
in adult animals between 1 and 7 years of age [22,23].
Indeed, the association between pythiosis and sarcoid has
been previously reported, showing that ulcerated lesions
Table 1
Epidemiological proﬁle of equine pythiosis in the Brazilian Pantanal and Cerrado biomes between 2007 and 2010
Region No. of Properties No. of Animals Exposed Cases Deaths Prevalencea (%) Mortalityb (%) Lethalityb (%)
Pantanal 24 1,201 65 15 5.41A 1.25 23.1
Cerrado 10 216 11 5 5.09A 2.31 45.5
Total 34 1,417 76 20 5.36 1.41 26.3
a Values followed by the same superscript capital letter within a column are not signiﬁcantly different (P > .05; Fisher exact test).
b Mortality and lethality rates were not included in the statistical analysis because of the potential bias caused by the use of immunotherapy and/or
surgery.
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zoospores into the host [6].
Fast-growing lesions were characteristically ulcerated,
associated with the formation of extensive granular tissue
and sinuses containing kunkers, and were linked to chronic
debilitating disease. Unifocal presentation was observed
in 79% of the cases (60 of 76). Multifocal lesions were
observed in 21% (16 of 76) of the animals and were
distributed concomitantly among pelvic and thoracic limbs,
chest and limbs, and the abdomen and chest. Appendicular
lesions were found in 76.3% (58 of 76) of the animals, fol-
lowed by axial lesions (22.4%) involving mainly the trunk
(chest and abdominal regions), and one single case of
a lesion in the cephalic region. Such a lesion distribution is
not surprising considering the contact of lower parts of the
body with the water, but once again, distribution followed
the same pattern for sarcoid lesions, which is more often
found, in decreasing order, in the limbs, trunk, and cephalic
regions [22]. We highlight here the importance of the
differential diagnoses between equine pythiosis and
sarcoid because of the similarities in aspect and localization
of the lesions and age of occurrence in the animals. Both
ELISA and PCR assays were positive for 100% of the animals,
showing granulomatous and eosinophilic tissue inﬁltrates
associated with the presence of broad and sparsely septate
hyphae. Isolation of the pathogenwas sometimes impaired
by the distance and time before culturing.
Mortality and lethality rates were 1.3% and 23.1%,
respectively, in the Pantanal and 2.3% and 45.5%, respec-
tively, in the Cerrado. Importantly, these rates are likely to
be underestimated because of the treatment with immu-
notherapy, mainly among the cases observed in the Pan-
tanal biome [3]. In most cases, the death of the animals
occurred between 3 and 7 months after the lesion
appeared, in agreement with previous reports [19-21].
Shorter clinical courses were observed in animals coin-
fected with equine infectious anemia virus, Trypanosoma
spp, or Conidiobolus spp or with chronic lesions that had
secondary bacterial infection. Data from the 62 cases
observed in our study are presented in Table 3. In 13 cases,Table 2
Age-related risk of equine pythiosis observed in the Brazilian Pantanal and
Cerrado biomes between 2007 and 2010
Age Pythiosis Total
Yes No
>1 year 75 1,204 1,279
<1 year 1 137 138
Total 76 1,341 1,417
The relative risk of equine pythiosis among adult animals was 8.09 (95%
CI, 1.13-57.8) compared to <1-year-old animals.it was not possible to determine the results. The lethality
rate in nontreated animals or those empirically treated
with wound debridement and cauterization by incandes-
cent iron reached 73.3%. Signiﬁcant differences in mortality
and lethality were observed among treated and untreated
animals (P < .05), indicating that the use of immunother-
apeutic products can prevent economic losses. Conversely,
no statistical differences in mortality and lethality were
observed between animals treated with immunotherapy
and those treated with the combination of immunotherapy
and surgery. The disease was quiescent in a few cases, in
agreement with previous reports [6]. Notably, the chronic
evolution of pythiosis is likely to contribute to the life cycle
of the pathogen during the drought period, once P. insidi-
osum asexual reproduction occurs in aquatic environments
[7]. Therefore, the role of equids in the maintenance of the
oomycete life cycle seems to be essentially important,
mainly in the Pantanal area, where the extensive drought
period associated with low temperatures imposes a harsh
condition on the survival of the pathogen in the environ-
ment. Once kunkers are expelled, they produce sporangia
in wet environments [7], but they also are able to produce
zoospores after plant colonization [24].
The temporal distribution showed an increase in the
number of cases frommid spring onward, reaching peaks in
January and March, months with the highest rainfall
indices in the region. The number of cases declined
abruptly in the drought period (April-September; Fig. 1).
The average maximum and minimum temperatures were
33.1C and 20.5C, respectively, during the studied period.
According to Leal et al [6], the peak ﬂood period between
February and May is related to the highest number of cases
in the southern Pantanal region. The ﬂoods in that region
occur after those in the northern region, as a result of the
water ﬂowing from the north to the south. Therefore, the
greatest occurrence of cases occurring during the rainy
period gives the popular name to the disease, “ferida da
moda,”which is Portuguese for “trendwound.” In India, theTable 3
Efﬁcacy of different strategies used to treat equine pythiosis in the Bra-
zilian Pantanal and Cerrado biomes between 2007 and 2010
Treatment Cure Death Total Efﬁcacya
Immunotherapy 27 7 34 79.4A
Immunotherapy and surgery 11 2 13 84.6A
Empiricalb 4 11 15 26.7B
Total 42 20 62
a Values followed by different superscript capital letters within
a column are statistically different (P < .001; Fisher exact test).
b Procedures adopted by nonveterinarians, such as the use of incan-
descent iron, acids, and different local and systemic drugs.
Fig. 1. Correlation between temporal distribution of equine pythiosis cases
and the monthly average rainfall in the Pantanal and nearby areas from
2007-2010 (R2 ¼ 0.775; P < .001).
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a word signifying rain [7].
The rise of cases in the northern region immediately
after the beginning of the rainy period, with peaks
following the same temporal tendency, suggests a short
incubation period, between 15 and 30 days, as estimated
previously [17]. Temperatures above 30C are also favorable
for the development of zoospores, and, although the cases
occur during the whole year, outbreaks are often reported
in warm, rainy summers.Fig. 2. Anatomical distribution of the lesions in horses with pythiosis. Note the o
transition.No signiﬁcant differences were observed between sexes.
Thirty males (39.5%) and 46 females (60.5%) were affected,
differing from previous studies in the Brazilian Pantanal
and Egypt, where 81% and 87.8% of the cases were diag-
nosed in females, respectively [6,18]. Horses were more
affected (97.4%) than domestic equine hybrids (2.6%). Such
differences are likely to be related to the great predomi-
nance of horses (96.2%) compared to hybrids (3.8%) in the
region [25]. Therefore, both species seem to be equally
susceptible to the pathogen. The same patternwas found in
relation to the breed of the animals. The disease affected
54% of nonbreed horses, 44.7% of horses of the Pantaneira
breed, and 1.3% of the Paint Horse breed. The Pantaneira
breed accounts for most of the animals in the area.
Gray-colored horses are predominant in the Pantanal
region. However, bay-colored animals were more
frequently infected by P. insidiosum (34.2%), followed by
buckskins (26.3%), grays (19.7%), chestnuts (14.5%), and
tobianos (5.3%). To our knowledge, this is the ﬁrst report of
the importance of equine coat color in equine pythiosis. We
observed an increased frequency of lesions in dark-
pigmented horses (73.7%) in comparison to lightly pig-
mented horses (15.8%). This was strikingly apparent in
tobiano horses, in which the lesions were present in pig-
mented areas or in the transition between white and
colored coat areas (Fig. 2). Hematophagous insects prefer
dark-pigmented areas for blood feeding and areccurrence of lesions in dark pigmented areas or in light-to-dark skin color
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point of view. First, insect bites could favor the penetration
of zoospores into the injured skin, and, second, infected
mosquitoes could transmit the disease directly, as P. insid-
iosum has been identiﬁed in tropical mosquito larvae [1,26].
Nopredisposing factors inanimalshavebeen reported so far.
However, reinfection is commonly observed in successfully
treated horses [3]. Insect-transmitted diseases such as equine
infectious anemia and trypanosomiasis are endemic in the
Brazilian Pantanal, but their correlation to pythiosis remains
uncertain and deserves further investigation. In humans, the
vascularanddisseminated formsof pythiosis are related to iron-
overloaded, thalassemic patients [5]. Iron deﬁciency is
uncommon inhorses,with theexceptionof foals, becauseof the
lowiron levels inmilk. Indeed, ferritin levelsareusuallyelevated
in adult horses [27], and the iron content present in the soil and
forage in the Pantanal region is high [28]. This is in agreement
with the higher prevalence of the disease in adult horses in
comparison to that in animals <1 year old, observed in our
study. In rabbits, the disease causes microcytic hypochromic
anemia and the depletion of bodily iron stores [29]. Therefore,
the role of iron in the infection in horses cannot be ruled out.
4. Conclusions
The epidemiological survey of equine pythiosis in the
Brazilian Pantanal and nearby areas of Cerrado indicated
a prevalence of approximately 5%. Cases were intrinsically
correlated to the season of the year and rainfall indices.
Unifocal lesions in the limbs were predominant and were
similar to sarcoid tumors in aspect and anatomical locali-
zation and the animal’s age at which they occurred.
Moreover, the animals that had a higher chance of
acquiring the disease were those older than 1 year and
mainly those with dark coat color or with dark-pigmented
areas. This ﬁnding is interesting from an epidemiological
point of view especially because these anatomical areas are
also the preferred feeding sites of hematophagous insects.
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